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The Nature and Evaluation
of Commercial

Expert System Building Tools

William B. Gevarter

NASA Ames Research Center

ESBTs make it

possible to build an

expert system in an

order of magnitude

less time than is

possible with Lisp

alone. This article

reviews such tools.

he development of new expert sys-tems is changing rapidly--in

terms of both ease of construction

and time required--because of improved

expert system building tools (ESBTs.)

These tools are the commercialized deriva-

tives of artificial intelligence systems devel--

oped by AI researchers at universities and

research organizations. It has been

reported that these tools make it possible

to develop an expert system in an order of

magnitude less time than would be

required with the use of traditional devel-

opment languages such as Lisp. In this

article, I review the capabilities that make
an ESBT such an asset and discuss current

tools in terms of their incorporation of
these capabilities,

The structure of an

expert system building
tool

The core of an expert system consists of

a knowledge base and an accompanying

inference engine that operates on the

knowledge base to develop a desired solu-

tion or response. If one is to use such a sys-

tem, an end-user interface or an interface

to an array of sensors and effectors is

US Government work not protected by US copyright.

required for communication with the re/e-

rant world. (A "relevant world" is a system

or situation operated on by or in contact

with the expert system.) In addition, to

facilitate the development of an expert sys-

tem, an ESBT must also include an inter-

face to the developer

• so that the requisite knowledge base

can be built for the particular appli-

cation domain for which the system is

intended,

• so that the appropriateend-user inter-

face can be developed, and

• to incorporate any special instructions

to the inference engine (reasoning sys-

tem) that are required for the partic-
ular domain.

The character and quality of these inter-

faces are two of the main differentiations

between commercial tools and ESBTs

developed at universities and used in

research. Also important in the structure

of ESBTs are

• interfaces to other software and data-

bases, and

• the computers on which the ESBTs

will run--not only the computers

used for development of expert sys-

tems, but also those used for their

delivery to an end user.

Figure 1 summarizes the structure of an

ESBT.
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The Nature and Evaluation of Commercial Ezpert System Building Tools
WILLIAM B. GEVARTER May 1987

The development of new expert systems is changing rapidly-in terms of both ease of construction and time

required-because of improved expert system building :tools (ESBTs.) These tools are the commercialized

derivatives of artificial intelligence systems developed by AI researchers at universities and research

organizations. It has been reported that these tools make it possible to develop an expert system in an

order of magnitude less time than would be required with the use of traditional development languages such

as Lisp. In this article, I review the capabilities that made an ESBT such an asset and discuss current tools

in terms of their incorporation of these capabilities.
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Bayesian Prediction for ,ence

MATTHEW SELF AND PETER ;EMAN July 1987

This paper shows that the
is in error. This method is to use

models (this process is called abduction)

transduction). Using transduction, an AI
on small amounts of data, when no model

optimal solution can be given in closed

used for I :predictions under uncertainty in AI and science

data to select the best model from a given class of

use this model to make predictions (we call this method
will not give misleading results when basing predictions

best. For common classes of models we show that the

RIA-87-09-01-0 \

Introduction to Artificial Intelligen

WILLIAM B. GEVARTER / _ September 1987

Artificial Intelligence (AI), s_tfietimes referred to as m_:hine intelligence or heuristic programming, is a

technology now achieving prjfcticality that has recently attracted considerable publicity. Many applications

are now under developmej_ and dozens have already bee_ fielded. One simple view of AI is that it is

concerned with devising _$mputer programs to make computers smarter. Thus, research in AI is focused on

developing comp t _ approaches to intelligent behavior. \

The computer pz ,_ ; with which AI is concerned are primary symbolic processes involving complexity,

uncertainty, and _1 airy. These processes are usually those f_ which algorithmic solutions do not exist
and search is re, " This, AI deals with the types of problem)tolving and decision making that hurhans

continually face in with th/e/world.





Knowledge
representation

ciusiom or dec_om reached.Examples
are a particularly desirable form of mpr_
_tafion fm faciJim_S knowl_l_e acqui-
sition, and inductive systems capiudize on
them. F.._mmpi_ are much emi_r to elicit
from expem than rul_ and may oR_m be
a namnd form of domain knowled$¢.
A_om can also be e_mmed in losic mta-
_k_a,which is a form of rule mpmsenuuJon.
F'maily,ac_ons can be expressed as proce-
dures elicited by either

* messa_s (in object-oriental pm-
_mmins) or

• chan_ ia a #ob_ databa_ _ am
obs_v_ by dm_o_ ("Demons" are
p_rocedurm _ moni_ a _
.and respond by perfonnins an acdoe
when their amivafi_ conditions
appear.)

In addition to the representation of
objecu and acfiom, one mtm consider the

May 1.987 "_-

delprc¢to which the knowledge or data is
known to be _. Thus, most ESB_
ha_e prmAs_m/'or represe,_ certamty.
The m_t _ _is _o incor_
ram "conf_lem_ factors"; this approach
is a derivativu of the approach used in the
M)_ expert s_em) Fuzzy lozic and
probability are also used.
An al_ve way of handlinguncer-

taintiesortentativehypothesesistocon-
sider multipk worlds in which diffcmlt
items am true o¢ not true in throe aiterna-
five worlds. Another consideration, is

whether or not a deep moda (which is a
stru_twalor c_u_ mode/) ofthesystem
can_ beImiltwiththetoolinques-
tionasan aidinmodel-basedreasonint.

(Thesame_lyin| mo_fl_utoftenbe
empiowd for oth_ uses, such as pmserva-
don of knowledse and training.) Finally,

sy,_tem size (for e_mple, as mmuured by
the number of rides needed) can be of crit-
ical importance, as it can bare an impor-
tant effect on memory requirements,
memory management,and runfime_

Inference engine

Figure3 indicmes the major alternative
means by which an ESBT performs
inferencing. The most usual approach is
dass/ficm_ which is appropriate for sit-
umiom in which flmmis a fvu_dnumber of
possibk soludot_ Hypothes/zed conclu-
sions from this set are evahmwd as to
whether they are supported by the evi-
dence. This evaluation k usuallydone by

o_dn_ngthrough0r-Otto(thatis,.

antecedem-0mseqtumt)rules,startin_with

25
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Er-erie ct_rt_
_rmsm_u

Molh _¢uglaam

v_m_tls (¢a_s)

Tn__

l-bmatm_ 8m w

_ 4. Pmdtglael he
the imwfam t_ em

modem

ru_ clue have the _ condu-
sionsu their conmeqsm_ Rules are then
szan:hecifor those thazhaw as th_ con-
sequ_t thecoe_dom that support the

(input conditions) in the
hyOodmh_ _ ruk TI_ Oracess
continues recunively until the hypothesis
is fully suO0orted or undl either a nesadoe
or a dead-end is reached. If either of the

latter two cysts _ additional
hylx_J_es may be tried emil some oondu-

26

sioa is reached or the I_nXzn is ternfiaated.
This depth-rtrst,blu:kward_haininll
aoomach was oaoulari_ by _heMy_
eq_t s'_usm. The corn_oondins _
E,SaT _ is the prototype of virtually
an the h_mathesis-driven (that is,
_) commer_al ESBTs currently
mntilabk

_ c_mev smm with daut to be
input or with the situation _-re_tty p_
seat in a global databue. The data or the

s_tuadonisthenmatchedwiththeantece-

dmt _¢_lldom _-ead_oftherelevutrules

to__e_tyofthendeta
the cxa-reat _teadou. (The current situa-
don isusually represented in the global
database by a set of attributes and their
assodatedvaluta.)One of thema*ching

rulesisthen_ (forexample,bythe

taeof_ whichhelpdeterminethe
_ i_ whichtheru_ m tried,or by_v_.
_), and therule'scomequentsareused

COMPUTER



wadd informationtothedatabaseorto

actuatesome procedurethatchangesthe
globalsituation.Forward cimiuini pro-
ceedsrecarsive@(in a manner simit_ to
that of backwardchaininl), terminatinl
eitherwhen adesiredresultorconclusion

is reached or when all relevant rules are
exhausted. Comb/nations of forward and

backwardclminml have alsobeen found
useful in ceru_ situations.
_ mmon/_ (amore genera/form

of forward chaining) can be done with
data-driven rules or with data-driven

procedures (demons).
HypoOmi_ return/riftrefers to solution

approaches in which assumptions may
haveto be madeto enable the search pro-
ct_lure to lX_med. Howe_ later along the
search path, it may be found that certain
,muml_ions ant invalid and tlmtfom have
to be rttma_ This _nwon-

_ (th_ is, rensoninz in wh/ch fs_ts _ con-
clusions must be retracted in light of new
infonnmioa) can be handled in awtrk,ty of
wa_ One appmach that reduces the dif-
floalty o f the comimtation is to cm_/aloni
multiple solutions (these solutions _re-
sent difft_-m hypotheses) in parallel and
to discard inappropriam ones as evidence
that contradicts them is gathered. This
approachis referredto as_
mzt and t,w_in diffmmt took Another
approach is to keep mink of the assump-
tions that support the current search path
and to tm:kumk to the _ branch
pointwium theau'nmt path isinvalidatecL
This latter approach has beenrefernxi to
by namesUker,o,,o_mo,_ri_ bo_'ract-
mg A related capability it trua, mmn-
am_vt which removes ckr/ved beliefs
when their conditionsareno longerva/id.

Objecr-oeJmmf ,orofmmm/n$ is an
as_xcmch_mwhich both information about
an object and theproceduresappropriate
to that object are iproupedtoSether into a
data structure such as a flame.These

proceduresareactuatedby messagesthat
are sentto theobject from a central con-
troller or another object. Thisapproach is
p_u'ticuiarlyuseful for s/muiat/ons involv-
ing a group of dittinct objects and for ru#
time si_ processing.
The b/ao_bomur/nfeem_am,mack is

associated with a group of cooperafin$
expert s/stem, that communicate by shar-
ing information on a common data ttruc-

involving _ "Unification" refers
to substitutions of variables performed in
such a way as to make two items match
identically. The common logic implemen-
tations are versions of a logic-
programminglanguage,Prolol, that uti-
lize a relatively exhaustive depth-first
searchapproach.
An importantinferenceapproachfound

in mine toolsil the abilityto generaterides
or decision _]nductively from emun.
pits. Htmum expertsareoftenabk m anic-
uinte their expertise in the form of
examples better than they are able to
egpressit in theform of rules.Thus, indue-
rive learning techniques (which are cur.
rentiy limited in their expressiveness)are
frequently id_ methods of knowledge
acquisition for rapid Izrototyping when
exampks cambe simply expn_medin the
form of a concl_ a_ociated with a sim-

ple collection of attributes. The human
buildz_ of the retmltam expert system can
then refine it itenuiveiy by critiquin$ and
modifying the results inductively
produced,rnd_ _ usually pro-
ce_ by starting with one of the input
_ and seav:hi_ for a tree fentur-
inl the minimum number of decisions
needed to reach a conclusion. This
m/n/nmnvdOx_ t_ is found by cycling
throughallparametersas possible initial
nodes and using an _ theemtc
uppmm_ to seiea the order of the

parametersto be used for the remaining
node, and to cie_erminewhich parameters
are superfluous. An "information the-
oretic approach" is one that choo_s the
solution that requires the m/n/mum
amount of information to represent it. The
depth of the tr_is usually relatively shat-
_low(often less_ five decisions deep), so
largenumbers ofemmplesusuallyresultin
broad, shallow trees.

Some too_ incorporate demons that
monitor local values and execute proce-
dures when the actuation cond/tions of the
demons appear. These tools are oarticu-
larly appropr/am for mon/torin8 appli_
cations.

A number of tools offer a choice of
several i_auibleinference or search proce-
dures. In sy,a_m built with such tools,
meansare usually made tmdhtble to the
sysmn builder to control the choice of the
infaence smm_, which the builder causes

ture that/t referred to tt a "blackboarct." to be dependent on the system state. Such
An agenda mechanism can be used to control is referred to as _ One
facilitatethecontrolor'solutiondevelop- formofmeta-controlistheuseofcontm/

ment on the blackboard. _ Which _c procedures
In the case of ESB'I_,/o_e common/y teal the system the next steps to take in a

refers to a theorem-proving approach given situation so that the search will be

reduced, enabling a large number of rules
to be accommodated without the search

space becoming combinatorially expio_w.
At the certainty of data, rules, and

procedures is usually le_ than 100percent,
mint systems incorporate facilities for cer-
tainty management. Thus, they have vari-
ons approachesfor combining uncertain
rulesand information to determine a cer-
tainty value for the result.

Pams,n _ is often requiredfor
mechan_ing inference technique_partic-
ularly for matching rule antecedents to the
current system state. The sophistication of
the panem.matching approach affects the
calmbilities of the system, a_es of pattern
matching vary--from matched identical
strings to variables, literah, and wildcanh,
and can even include partial and/or
approximate matching that can serve as
_mloglcai reasoning.

Other ESBT capabLlifies vary from tool
m tooL Some infaence engines offe_ rapid
and sophisticated math-calculation catm-
bilities. One of the more valuable capabil.
ities is suppliedby inference engines that
can manage modutam_ knowiedse bases
ormodularizedsolutionsubproblemsby

accessing and linkingthesemodulesas
needed.

Another important consideration in a
tool is thedegreeof integration of its vari-
ous features. Full inteSration _ dz,/mble so
that all the tool feature, can be brought to

bear, if needed, on the solution of a single
problem. For_ampk, in tim case of ESB_
incorporating both object representations
and forward and bac_ chaining rules,
it is de_.abS,, that expert-system de_/opers
be able to mix forward and backward

chaining rules freely and beable to reason
about information stored in objects when
these actions are appropriate.

The interface to the
developer

Various tools offer different levelsof
capabilities for the expert-system builder
to use tO mold the system. The simpler
toolsareshellsintowhich knowledge Ls
inserted in a slx'¢ific, structuredfashion.
The more sophisticatedtools are generally
more difficult to learn, but allow the sys-
tent developer a much wider choice of
knowledge base r_resentadom, inference
strategies, and the form of the ettd-user
interface. Various levels of debugging
_ce are atso provided. Figure 4pro-
vide, an indication of the possible optiom

May 1987 27



lFIg_& Poma_ltlu lu"tim
rid.mr imuffmm.

Lisp

Ol_rdng _t_ms

I_ dank,

-- tim m_c_n_ -i- x_x
_--- TI Ex01crw

r-- DEC Mk_VAX
I-- Sun

-- Wod_lUioml --'t-" Apo|lo

_ Teklronix

PC

ATT

IBM 370

_-.-- Ott_n

(olxions m tool dependem)that arearab-
able for eachupect of the interface to the
developer.

End-user interface

Once the exl_rt system luts Imen imilt,

itt mmbility depends in ltrle Imrt on tire
end-met interf_. Figure 5 provides -,,
indicttion of the nmse of end-use_facili-
ties found in Eslrrs. Since most expert
s_ms m rea_ Lntemsentammmu, t_
end-u_ interface is often daisned to
allow Lnteract_ dialogue. Th_ dialoS_
_d/or tee init_! inlmt mint often

arransmmm _ menu choices
tlutt _Uo_ the met m tns_m" requests 1_/
the sTstem for infornmion. In some cram,
to increue systemflexib/lity, systemswill

28

accept multiple and uncertain user
re_l_ma and still m-ire at conclusions
(thoulh rite m-minty of the resultant con-
dustom is reduce). In sopbi_'c_ted sys-

ram, _._bic_ _re often uumdto sbo_ the
_ of rmm_ _n t_ s,ssm.esponm
to u_N* "how" _; in _np_r s_-
tram, a _nl of the rules su_porfinl the
s_nn's _on_om may be employed.
ESBTs oftenanswe_ame_'s"Why do you

needth/sinfonnadon?"ques_onI_quot-

ins the rule for whichtheinformation is
requimcL The _ of tl_ s,atm to
_the user's "why" and "how" qum-
tiom is important, for it increases the end
user's mnfidence in the s,_mm's decision-

tmkinl ability.
Othercaoab/Ii_esoften found in _s

are facilities that allow the end user to

s,dect alternative parameter values and
observe the effect on the outcome (these

facilities support "what if" quefim), facil-
ities to allow the user to perform an initial
pruninl of the line of questioninl so that
the system need not pursue areas that the
user feels are irrelevant or unnecessary,
and the ca1_d_b'ty to save examples for
future ¢ontidetation or turn.

Very sophisdcated tools ofte_ include
interactive graphics and simulation facil-
itim that a the end user's unde_-

standinl and control of the s/stem being
represented.Above all, the md-u,m" int_-
fameneecLtto be user friendly if the system
it to be aec_teci.

Programming-language
considerations

In addition to the stru_ure and the
paradign_ supported by a tool, the pro-
gramming language in which the tool is

COM_UTER



written is of major importance. The lan-

guage determines whether the expert, sys-
tem is ¢ompilable and, it"it is, whether
lncrementaUyor in a txuchmode.Compil-
ability reducesthe memory requirements
and increasesthespeedof the expert
ten; incrementa/ ¢ompilabitity speeds
development. F'_gure6 isillusuativeof the
_ mla_ to the tooi-lans_ dmke.

In general,themore sophisticatedtools
havebeenwritten in Lisp. However, even
thesetoolsarenow beingrewritten in[an-
Suallesinch u C to incre_e speed,reduce
memory requirements, and to promote
availability on a larger variety of com-
puters. However,somenewapproachesto
mechanizing Lisp may reduce the speed
and memory advantales associatedwith
C.

The usercan usuallyextend toolswrit-
tenm L_ by wri_ gkUtional L_ func-
ziom. T_ b abo uue o[ someor thember
[anguqes, for example, Pmtog and Pus-
cal. Similar ¢gtemibility isusually found
in tools having language hooks for accesJ-
ins otlm- pmsrams or _ hooks for
accessing other infomuition. In some
cases,theexpertsystemgenera_,dbythe

tool is fully embeddableinothersystems,
which produces increased autonomy.
Whether or hot a system is fully embed-
dable in other systems and is therefore
capable of autonomom opcratiom is
becoming increasingly important, now
that expert sysxems an_ moving from pr_
totypes to being fielded. Reliability and
memory management(in Lisp, the latter
takesthe form of _Wbq¢ _) are
often impommt comi_ for tickled

"Garbage collection" is the col-
lection ofno-longer-usedmemory
tiom; tbese atlomtions can slow the sysum
operation.

The compu_ supported by the variom
tools are primarily a function of the lan-
guale and operating system in which the
tools me wrkum, and the compuu='s mem-
ory. p_oc_s_ and 8r_phic_Usp_y cape-
bilities. The u_md toward making expert
system shellsavailable on personal com-
puu_ (suchu thosemadeby IBM) mulu
in part from the increasing capabilities of
tbese computers. However, this tnmd isalso
partly owing to the writing of tools in fasm-
tanguqes, such_ C, and m takingadvu-
cage of modulm-izstion in building tl_
knowiedse base. As mentioned _trlk=,
such modularization invol_es decompos-

the pr0bze__,,m _lm modules
and _ arv_prme finking betv,em
these modules as required during
operation.

May 1987
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Function capabilities

Of primary consideration are the func-
tion appfications that can readily be built
with a pm_-ular ESBT. A review of the
major function applications follows (see
also FiZure 7).

_. Byfar the most common
function addressed by expert systems is

"Classification" refers to
selecting an answer from a fixed st_ of
alternatives on the basis of information

tb_u has been "mont.
Belowaresomesubcategories of classi-

fic_on.

o_ __ This
refers to _ selection performed on
the basis of measurement dam and corof
lsry information.

• __-,_i_no_ the s.tm not
onJyinterpret.5_to determine the dif-
_,d_y, but abo seeks addidona/data when
such data is requin_ to aid its line of
rezsonins.

• _ _a_mmC or _ These
_/om refer to takingactions or recom-
mending measuresto correct an adverse
situation thathasbeendiagnosed.

• r._ _dvm_ An expert system _ a front
end to a compute_ program otto a plece of
machinery can be very help/_J to the inex-
perienced urn.. such s_mu de_md both
on the gosds of tbe us_ and the current sit-
uation in mggesdng what to do next. Thus,
the advice evolves as the state of the world

changes. Use advisors can also be helpful
in guiding use_ throul_ procedures in
other domains (for example, auto rep_
and piloting aircraft).

Classification and other function appli-
cations can be considered to be of two
types: _ mmm_ and deep mmo_g
In _ nmsonin_ no model of thesys-
tem is employed; the approach taken is to
_dte a coUection of rules, each rule assert-
ing that a certain situation warrants a cer-
ta/n response or conclusion. (These
situation-response relationships are
usually written as heuristicrulesgarnered
from experience.) In deep reasoning,the
system draws upon causa/or suucm_
models of the domain of interest to help
a_-i_ at the conclusion. Thus, systems
employing deep modeb are potentially
more capableand may degrade more
gracefully than throe reiYin8 on surface
reasoning.

29
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of input _ and comU_y infof
marion.
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V_m_. V_-ry. s'un_r m cu_
of inf_ ¢¢elx that theanphads is
on rmdinl new relations,, order, or con-
mpu. This issdll a resmrcharee. FJampks
include r,,,dial new mathematJ_ con-
cepu aad elemenuL,,ylaws of phydm.

OtlmL There areother functions, such

as lem'ntnl, that are directly subsumable
unde_the onesI l_ve m_ thin far.
In many csses,thex functions (and some
of throe_dnmdymentioned)can betngeni-
ouslyckmom_ into functiom discussed
previously.Thus, for example,design and
some other functions can often be _.pa-
rated into subuuks that can be solved by

.. ++:_ classification+

iiiiiiiiiL Importance of various
ESBT attributes for

[ parfl.cul.ar function
, apphcafions

i _l_ "_ln lad syu-
_'"refers to omfllmlnl • Wsmn on

tim I_is of a m of _ p<mibiIai_.
l"m eqml _m, mmolhmllu omllnlma
thm the systan must mmt as wdl u gui-
dmmm for _ the_ must take to
meet dse user's ob_ives.

bmmpm mbmm. Here the anphasis is
m hsv_a symm thsC _ oa user
needs, can live advice, huni_ informa-
tion, or perform various subtukL

Pmdkem. "Prediction" refer+to fore-

_ wluu will happm in the funue on
the I_is of _neut infmmmio_ This fo_-
_ns mw depmd upon_ ,k_e,
or it may Lnvei_ the wmof mod_ &adfor-
mu_ The mom dynmntc sym_s mW use
_mulsflon to aid in the fommm_l.

Sebedd_ "Scheduli_" riflers to time-
m'da"inl a liven m of re.slur,so that
can be done wkh the _ ts_ilable
ind wkhout int_erlni with e_ other..

"P_mninl" is the am_-tion of
• _ of actions froma complex st_ of
altmmatiws to meet • user's_ It is

mom complex thaa smheduliml in tim umks
me chosm, nm Siam. In mmsy crees, time

tnd resource comtrtinu do not permit all
Ioels to be met. In there cuet. the mo_
daimble outcome is soulhL

"Monkorinl" refm to
_l an onloinl situsdon for it+
_orimen_pm_mud_
th+ ul_ _ _ if there is a delmu,tu_
Promttm_ or u.su_ 13q_ m_i-
cations are space _ industrial
procesnes,_' _ondJfiom, andenem_
a_on_

_. Control is a combination of

moait_Inl • _ and talc/aS appropr/-
ate actions in respome to the mon/torinl
to ach/eve loal_ In mm_yc_m, inch as the
operation of vehicles or machines,
to_mbJe mspome dehy may be as small as
m/IIimm_on_ In mch a cme, the s_mm
may be referred to as a _ r_zw.
"Retl-dme" is defined as "responding
withln the permiuible deky time" tothe

ehst the system _l controlled s_
its o_nl boundaries.

Dilm eLbfmmJat. A systemperform-
inll this function may take in infommtion
and return a new orpnimtion or synthe-
sis. One appficstion nmy be the inductive
aleut'ruination of a derision tree from

Tabk 1*is an attempt to relat_ the vsr.
ious attributes that are found in different

F.SBTs to their importance in facilitating
the build_ of expert systems thtt per-
form different fuactionm. A solid circle

indicates an auribut_ that is very worth-
whik in helpingto build thtt hmcfion. Aa
open _Ae indk_m that it is a les_r con-
tributor. A empty cell indicau_ an am'ib-
ute that does not provide a significant
contribution. As indicauml em'lier, the
_.luatioa is subjective bemuse, degend-
inl on the insight and insenm_ of thesys-

tent developer, some of the functions can
be decomposed into other functions.
Thus, Table 1 reflects what I see as

obvious and p_ri_l_ nece_ary attributes
for strsightfm'wa_ constru_on of_
systems that perform the indicated
functions.

qn d_efum_ vu_m ESm"m_xmches mW ee

wouldmean thinany_mputatioe ce_d bepe_-
framedbythem. The_om, it usuallycannotbe
said definitively that ESBT x cannot perform
functiou_ Thin, "lbbkI in theddebexisredly
an attem_ to reflect my pen:ept_ of which
ESC +_m_lmm _mpli_ tl_ proentmmm8 of
various _lmm-_tem functions.
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Brief descriptions of commerciaI ESBTs

The lolloMng In_ dslcdptions of some of the current com- Includlng flcllllles for gnmhics-l_med simulation (the

mercisi mtpert system building tools In common use. The
attd_ of tbeis tools _re mmmmerlz_d in lt_btes I and 2 for
easy ¢ompldaon. This aidel:_r is not intended to be In
tmmimltlv_ lur_y. Forl_wnple, VP-Expi_ In IrmxpenMve " "
(under 1100) b_ c_osble rule-bamKI ESi_T fo_ PCI, h_m.....
recently been inUcxluced by PN:_oecJc Soflwam in Berkeley,
Calif. GEST, In._M)l_InGuniYemlty-eupp(M11m__-qBTfl_ Ge_-+
gla "rech, IXOddes hlgh-on_er capebllltles (such aS multiple
knowled0e mlmmenlmllons) at s lractJ_ oftbe cost ol com-
rnerclel, more pollehed tools offing similar _lltles.
GURU, Imm _ In LatWette, Ind_ a composite F.SET Inte-

grated with a dmabese _ and mitund-linguage
front end, is also mmllabis. .....

graph_ simulation facility, Stm Kit, Is available at
extra coat). KEE him been used for Ippllcatlons In diagnosis,
monitoring, maJ-time procul control, pllnnlng, design, and
simulatiort. (Further Information on KEE Is avellable from
IntelliCoq_ 1975 El Camino Real West. Mountain View, CA
94040; (415) _r_00.)

 owie e Craft
Knowledga Craft (KC) Is a hybdd tool based on frames that

hive ulmr-daflned Inhedtanoe. It Is In inte0mUon of the CIr-
ne01e Mellon wmllon of OPS5 and of Pmlog lad the SRL
hlime-mpm_mtation language. It is i hlgh-productlvtty tool kit

Isa venmtlkl tool that Incorporates a Iophlsticat_ pro.
ormmmlng workbench. Itnms on mo_mmosd osml_,_ Ind-
wom+tm_on=#uc_mose_._m_dWSym_+_ L_,_, +
_onllo, md VAX. Ntl_ _tm_ polnl I_ mpo+n_ a I_hnklUe

_llotm hypothetic_ nonmo,_omn+o me4mninl/; in non-
monolmdo nmsonlng, multlpis soiuttone _e osnled alon0 In
parallel ontll _omm_int_ em _olat_l or bett_ _mlutk3n_ ere

At such polnt_, In_owoWlele _olutlons are
ART IX_d_ _ Int_f_oss for brewing l=om its

wxt _(Imme) net_mm_ _ql' ls pdmed_y m
fm_m_-chelnin0 _ wfth sot_i_tlc_ed umm_eflned pat-

Iltllt_hh11_ the _ I_ltChlng ls belld 011in In_
_mli(m ot on ind_Jng _heme dedmd, tram OPS& (OPS5 IS
customer below.) Ot_ct_mt_ Wogn.mmmg Is made _k

oldec_ _m _dl_d.a_/mmafa).ART _ m flmlMe gnml_s
worMxm_ v_th _d_,h to onmle 0ral_k:_l Imerl_mm m_ll,

Omphk_ =kmuisUon_ ART m _ for mw-r_l-llme
pai/ormlm_ 113eshiM thil pMfolmlnce, ART _ompt_

es _mil es Itl nlllti_nll knowledge Into Iooic-Ilka
mmertioN Nse latter ere called o_.,/m#mlk_ nehmr_).
Al_._kmm_ ImmtmJlsr_ _mi_ for Am" me p_mte_b'_m_h_-
Ir_ _mumkm, coemgwatkm g_mm_km, en_ _ Cur- •
rently vnttten in Lisp, ART _mMo_ • very efficient, unique
memory m41r.qleme_ eystmn thai vktually eliminates gar-

collection. A C-IInouoge v_don is now mellebis. (Fur-
information on ART is m_illbis _m Inference Gorp.,

lille E +_ .;.+ .._ ............ : ..........

" " fro"mp_inc_ knowledge engineers and AI system builders.
•. -......-+_-. i_i++:._+_+:+2 : + " Fnmles ira) uesd fordeclaratlve knowledga; procedural knowk

. . .: . . =
edgels Implemented by tha attaching of demons. KC Is cap_

,Meof hypcthetlcai (nonmonotontc) mesonlng when Conte,(ts
(41facility offertrlg ilternative worlds) la employed. Sel.,¢h is
ruler defined. A gmphics-baMd simulation p4cka0e (Slmul_-
tlon Craft) is avellablt_ Oesigned to be a real-time system, KC
Is plltiCuisrly IpWo0date for plimning/m:hedullng and, to In

Is _proprlm for process control, but it Is something
of In overkill whefl aimpte claselflcatlon problems ertl con-
cMne_ (Further information on Knowledge Croft is avellable
from Came_te Group, Inc..650 Commerce Court, $_tlon
Sqmlm, PlttSl_lrgh0 I% 15219;,(41_ 642-6900.)

Kilt wllk_ Itll_ on. lldvanced At co¢ltpullr_ tl_the nt0st
wid_dy ueed i:_gmmmlng envtronmnt for bulk:ring sophisti-
cated e0q_rt sy=tems. Important aspects of. KEE sre its mui-
tlt_lu_ clmsMolxnent environment and end-uesr JntMfacll,
which In(m3¢porltewindows, menus, and gmphk:_ KEE con-
tllna a _lsticated frln_ ey_tem that ellow_ the _i-
ell modeling of objects and penmtt_ multiple forms of
Inheritance. KEE also offers s variety of r_lsoning.and Inaly-
shs_ immlUdthg obt_ct-<)dem_d Cm0gnunming, fo_tar{t
and backwlld chlJnlno Of mkm, hypothetical rlMmoning
(which Is Incolgorlted Is KEE WorKhl), apmdlclte-lo01c lan-
guage, and demon& It has an olxm amhitectum that supports
u_x_l_flm_l InMnmce methods, inhed_ roles, logic op_-
atonk function_ and graphics. KEE has a I_ way of
gnlphk:_04med interllce_ that In desm_per/ulM controlled,

]PicoD

Plcon Is designed as In ob|ect-orlented expert system shell
fer developing mlktlma, on41ne exl_rt systemts for Indulmtld
lutormlUon end other IXOCm that Im monitored with sen-
oors dudng mid Hm_ such proceis_ _m found in 8ome

Ind flnlnclel 101_lr_ltion& PIr.,on operates on the
LMI l.amlxll/Plus U_ machine and the 11 Exommr, wh_h
combine the IntelilgInt processing power of = Usp pmcesso¢
with the high-speed numeric proceesing end dlta-lcquieltlon
clplbllltisa of In MC68010 procesaor. The two pmclmaom
oOem_ elremllineou_ly, enabling Ptcon to monitor the system
in me/tin_ deter e_nt= of po_ible signtflr..a_e in process,
disgnoee 0mblems, and deckle on In Ip0fopdate coume of
imtion. Ptcon'a icon editor lind gntphics.orlemted display ena_-
his a developer with minimld AI training to construct and toO-
relent a desO model of the p+0cess being automated. Rule=
ibout the IX_=m are entered by means of m menu-based
natuml-llnguage inte+tlce. Iqcon Support_ both forwlrd end

chainin 0. (Further Informition on Pt¢on ill asmlllbis
from LISp Mlchin4, Inc., e T4ch Dr. Andover, MA 0181_, (617)
ees_s_)

S.1

K1 Is a powerful commercial EsEr mimed at structured ella-
• lflcltion problems. FacUl ara eu{presisd in a frame mpresen-
lation; Judgment-type knowledge Is empmised Is rules.
Though oatenaibly a blckwln:l-chalning system, S.1 performs

mesonlng by mains of a patented procedutwl control
block tachnique. Control bio<:ks can be viewed msImplementa-

tlonsof flow diagrams; they guide the system procedure by
telling the system the ne_t St_p to take in the curnmt situa-
tion. Control blocks can invoke other control blocks or mlelk
or they can initiate interil_ti_ dialogue. Control bl_:ks am I
_I, knowledge-bliNid means of controlling the search,
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Attributes of particular
commercial ESB'I 

The ddeb_ endtled"Brief d_K='ipdoas
of conunercialESBTs" presentssomeof
tl_ better-known commercial ESBTs.
Attributes of these ESBTs are listed in
TableI ofthatddehar.Inclusionofan

ESBT in theddebar in no way represents
an endorsement of that product. The
descripdom and ibtin_ have been con-
strutted from company and noncompany
literature, discussions w/th company
representatives, demonstrations,explora-
tory use of the tools, and so on. However,
some incompleteness,errors, and over-
sightsareinevitableinsuch an endeavor,
SOitbehoovestheinterestedpersontouse
this material as a luide and w examine the
systems directly. D/rec_ exam/nation is
ixu'dcuiarlyimportantbecauseinmeasing
compe_donb fordn_ ESBT d_dopm to
makerapidimprovements and cllnnges in
boththeirsystemsand theirprices.

A comparative, com-
posite view of the
various tools

l_le 2 of the sidehar provides a com-
ix_te view of the various ES_rs. Many of
the attributes have been intelFated to pro-
videamoreeadly understandablepicture
of the capability of the tooh in eachsub-
category(for esample,the rulei proce-
dure attributes have been combined into
"representation of' a_tiom"). A solid cir-
cle indicates that the tool appears to be
suonl in a sul_ate_ory, an open circle
indicatesthatitappears tobe_fzir, and an
emptycellindicateslittleorno capab/lity
inthatarea.Note thatby r_g each

tool'slutributestoitsfunctionaJimpor-
tance,I have _empted to indicate each
tool's suitability for developing various
function applications. Also, note that the

more expensive (and corresl_ondinily
more sophisticated) tools have the widest
applicabiIity. Tlds b often became they are
acoUectionof differentparadigmsincor-
pormed into a dngle tool. As a result, they
may ohen be relpuded u hilba order pro-
f_'amming languages and environments,
instead of as dmple shells into which infor-
mation is insetted to create an exper_ sys-
tan dh-ectly.The shell model is more

nearly true of the simpler induction sys-
ten_; such systems can be considered as
knowledge-acquisition and rapid-
prototyping toolsfrom which more corn-
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I_eme _ wnple

I_:ee Ueceesed _ _npte _

E Dmt=utt
Vee/cll_u_

mr0 _mltmm
pmaeeay
Deeunmtatlon
Trm_
Cemmmy_

P4m L _ lu. mesdq am em'aU mddaty d - ted.

plex _ can be built tq meamof other
tools by eaJarStnS upon the _pte ruta
i_t.cevely _.

Overall usability of a
tool

l_q_ere8_ someof the_pem
that eater into the critical ESBT atm'bum

"meran umbiaty of a ;mecular tooL'" In
addition to obvimm factors such as

and fun_on appUcability (function
applicabUkyisa measureof whkh hme.
tiom areeasilyaceom_ witha tool

and whichare_ toamomplishwith

it), tool dtoicl should be guided by the
si_ ofthesysum tobebuilt,how rapidly
•systemofthegivensireand complexity

=n bebuiltwiththetool,andthespeedof

opa.atioeorthetoolbothdurl_ de_k:_
meat and, pmieularly, dutinScad ttw.
(Durln$end use,sub.elementsofthetool
actasa softwa_ _ vehic.lefo_the

developedexpertsystem.) Perhaps the
meet impommt factor, however, is rite
desree of satisfactionof both the

40

developer and theearl uaer.This isreiamd
to how obvious the uxs of the tool feanffics

are, how direct the lines of action to the
um_s or develop_s ira,is are. the control
the developer and end .set seine cJu_they
have ovm"the system, the nature of the
intera_on or display (for example,
whetl_ thW take pttce by meam of meau
or iraphics), how era? it is to re¢ov_ from
errors, the on-lineheJpthat is furnished,
and the lm'eeived esthetics, reasonable-
heM, and _ of the sym_n. Also
of major importm_ is how easy it is to
learn the system. This often depend_ on
many of the fa_'u already discuswd, but
iulm dmely re_tted m how _parent the
choice is at each step (for example, the
apparent choioe wh,m menm are used is
different from the apparent choice when
pmlirammin_ is required), the quality of
the documentationand on-line help, and
the ESBT's structure. Manufacturer-

.spongn_ counesbetp;ho_-ver, theseare
often expensive and inconvenitmt. A
related factor ismanufacturer support of
the tool, particularly the availability of
_ over the tek,phone when it i_required.

F'mally, such factors as the system's
portability, the computers'it will run on,
the delivery eavironment, the system's
capability of iaterfa_nl with other pro-
irams ud datatmses, and whether the
developed s,_an can be resd/b/embedded.
ina larsersystemareallimportantinan

evahuuion ofa tool. A more diff_dt fac-
tor to evaluate is the ease of prototyping
ve_a life cycle _. A_ prototYl_ tre
expended into fletdeds_tems and u they
are itemtively further expanded and

uixlated, _ are often m_ountered
in s?mnn stability, runtime, and memory
management.

Though many of these factors can be
deducedfrom the tool's_cificatiom and
from system demon_tr_on% in many

cases one can property differentiate
between two tools intended for the same

application only if he of she leanm both
_mj tud anempt_ to buikl thesame_et
of applicatiom with each one. Never.he-
lea, thefacton describedintl_ artick emd
the iaidai evaluation _ ia thedale-

bar should prove useful as initial suides to
potential users.

o date, Es_'rs have made pmsi-
bk productivity improvements of
ta ofd_ of_or morein

constructing expert systems. Curreat toots
&e oeJy forertmne_ of F..SKTs yet to
come. The trend is toward le_ expemive,
faster, more versatile,and more portable
tools tlutt will readily make possible ctevel-
opmentofexpertsystemsthatcandirectly

communicate with existin$ conventional
software _ as databases and spread-
sheets, and can also be embedded into
ttrse- _, withresuaias autonomoes
operations, I-Iighe_-end ESlrrs are now
moving from Lisp machines to more con-
vendonal workstations that are less expen-
five. Lower-end systems are becoming
more capableand now appearon IBM

PCs and Macintmhes. Delivery systems,
which utilize a subset of the complete
ESBTs _s withthe_t pof

don removed)m'enow allowing the com-
.ptetedexpertsystemto be deliveredon

personalcomputersor worksmtlom. In

addidoe, venattli_ wiU beenhanced with
in_emed dmices of infenmceensines _:h
asblackboard systems.Also in theworks
are modul_ ESBTs thatwillallow the
developer to chome various knowledge
r_pres_nt_tiom and infet_mc_techniques
as he or she _ and still be able _obuild

an intesrated system. Already appearing
are ESBTs coupled to other software sys-
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ternssuch as databasesand spreadsheets.

Also beginningto appear are expertsys-

tems thatare specializedtospecificfunc-

tionssuchasscheduling,processcontrol,

and diagnosis.

Finally, the developer and end-user

interfacesare8ettin$friendlierand more

cspabk. One of the things providing
greater capability is the increased use of

graphics.and graphical simtt/ations. It is

expected that as thesefriendliersysmns

emerge, therewillbe increaseddevelop-

meat of expert systems directlyby the

expertsthemselves.

The rich and growing variety of ESBTs

may make it more difficult to choose a

tool,but ifitisproperlyselected,thetool

willbe more closelymatched todeveloper

and end-userneeds.[]
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